This study aims to specify the amount of ten heavy metals (Al, Cr, Mn, Ni, Cu, Zn, As, Cd, Hg, Pb) 
INTRODUCTION
In parallel with industrialization, urbanization and population growth, environmental problems like water pollution, which is a serious problem 1 , have increased. Unlike organic materials, heavy metals, which are considered industrial contaminants, do not degrade. Thus, they accumulate in the water, earth, and deep sediment and in living organisms. Contamination of water with heavy metals is a serious concern in today's world 2 . In natural aquatic ecosystems, metals are normally at levels varying from nanogram to microgram per liter. Recently, heavy metals' exceeding the carrying capacity of waters has caused some problems with regard to aquatic ecosystem balance 3 . Heavy metals can be accumulated by some organisms directly, such as macroalgae, or accumulated through the food chain, representing a serious risk for the whole ecosystem 4 . The uptake of heavy metals by macroalgae proceeds as follows: Chlorophyta > Phaeophyta > Rhodophyta 5 . Enteromorpha is the most common green macroalgae in the division Chlorophyta, order Ulvales and family Ulvaceae in estuaries and is of cosmopolitan distribution. Enteromorpha intestinelis is known as Gut Weed and Grass Kelp 6, 7 . Despite being an edible algae species, it is not consumed in Turkey. In recent years, many studies have been done on the existence of heavy metals by using green algae 8, 9, 10 . E. intestinelis was used for monitoring heavy metals Cd, Pb, Ni, Zn and Cu in Weser Golden Horn 6 . Also, there have been studies on the biosorption of heavy metals using green algae as biosorbents. When biosorption studies are examined, it is seen that green algae effectively biosorb heavy metals 11, 12, 13 . The purpose of this study is to determine the existence of 10 heavy metals (Al, Cr, Mn, Ni, Cu, Zn, As, Cd, Hg, Pb) in E. intestinalis plant populated in Kadın Creek habitat which is under the pressure of tourism and agricultural activities, to specify which heavy metal is biosorbed in the most effective way and to reveal if there is a risk in the consumption of this plant. As E. intestinalis is a submerged aquatic plant and continuously absorbs elements through its roots from sediment, heavy metal concentrations are also analyzed in this study.
MATERIALS AND METHOD
Kadın Creek is located in Akyaka, a town of Ula in the province of Mugla. According to information obtained via personal contact from Provincial Directorate of Agriculture, in this little town of which means of livelihood is agriculture and husbandry, 46790 tones agricultural products are obtained per year. This production consists of 10200 tons of fruit (4400 tons olives and 2000 tons oranges), 31340 tons of field plants (12250 tons oat, 10600 tons corns) and 5250 tons of vegetables (2100 tons watermelons, 1240 tons tomatoes). The most preferred agricultural fertilizers are ammonium nitrate, urea, triple super phosphate as well as organic fertilizers. For agricultural pest control, insecticides (aldicarp, dimethoate, 1,3-dichloropropane, lannate, malathion, diazinon) and fungicides (bravo, sulphur, copper sulphate and ridomid) are used. Also, there is a ready mixed concrete plant in the town. There are two fisheries cooperatives in Akyaka using the harbor to which almost 95 large and small fishing boats (one of them is a seine boat, 2 are drifters and 1 is suitable for smack) are registered. Besides those fishing boats, there are also 25 large recreational crafts which organize daily expeditions for tourists in summer and 30 small touring boats which arrange hourly tours to the spring of Kadın Creek. Kadın Creek is a meandering aquatic ecosystem of which depth is 6 m in some parts and whose length is 1700 m (Figure 1 ). Water discharge in the outlet of Kadın Creek is approximately 700 L h -1 . It is fed by small streams during its journey towards the sea 14 . In the northern coast of the river, settlements are present. However, its southern coast is covered with reeds and there are dense algae colonies in some places. In addition to illegal waste disposal, excursion boats and fishing boats are significant causes of water pollution in this area 15 . Also, boat repair and dyeing work were being carried out around the studied creek. For the metals' analyses, the samples were taken into 10 mL plastic acid-fast test tubes and asseyed using ICP-MS (Agilent 7700x). Sediment samples were taken with using Hydrobios ® Van veen sediment trap (grasping area 250 cm 2 ) at the same time period. Samples were carried to laboratory in proper conditions. Sediment samples were oven-dried at 60 °C to constant weight and fractions of 2 mm were obtained using nylon sieves. The 2 mm fraction was then ground in a mill (Fritsch Pulverisette, Germany) and sieved to ensure a maximum particle size of 100 μm. Finally, samples were preserved in the refrigerator at 4 °C until analysis. The element concentrations measured were based on dry weight after correcting for moisture content determined from separate subsamples dried in an oven for 48 h at 60 °C. Digestates that could not be immediately analysed were stored at 4 °C until analysis. 1 g of sample was placed in 250 ml Pyrex digestion tubes and a predigestion step was run at room temperature for 16 h with 15 ml of 70% HNO3. Then, the suspension was digested in a reflux condenser at 140 °C for 2 h and 30 min. The obtained suspension was filtered through an ashless Whatman ® 41 filter, diluted to 50 ml with doubly de-ionised water and stored in polyethylene bottles at 4
°C for analyses 17 . The concentrations of suspended particulate matter (SPM) in the water samples were measured by filtering water samples (~1.000 mL) through pre-weighed 0.45 μm paper filters. The filters were dried at 105°C for 12 h and weighed; the weight difference was used to calculate the amount of suspended particulate matter in the samples 18 . The samples of E. intestinalis were collected between 2011 and 2012 seasonally with random sampling from the Kadın Creek. The sampling was taken from three different stations where the plants densely existed. The study area is shown in Fig. 1 . The algae, which were botanized, were put into polyethylene bags and taken to the laboratory. The lengths of the macrophytic algae were between 18 and 114 cm. The samples of Grass Kelp which were brought to the laboratory were washed twice with distilled water (Human Power I Scholar UV trade marker water purification system) to clear them of periphyton and detritus. The algae samples were dried at 103°C for 24 h and the ash contents were determined by heating at 480°C for 4 h. HCl (2.0 mL, suprapur, 30%, Merck ® ), HNO3 (2.0 mL, suprapur, 65%, Merck) and H2O2 (2.0 mL, suprapur, 30%, Merck ® ) were added to 1.0 g ash and the mixture was heated at 95°C on a hot plate for an hour. Afterwards, the overall volume was increased to 50 mL with ultra pure water 19 . Heavy metal concentrations in the solubilized algae were determined by inductively coupled plasma mass spectroscopy (ICP-MS, Agilent 7700x). Operating conditions of this device are given in Table 1 . Before the measurement, calibration of ICP-MS spectrometer using multielemental mixture of metal standards, 10 mg L -1 mix element standard stock solution (AccuTrace MES-21-1) and 10 mg L -1 mercury standard stock solution (AccuTrace MES-21-HG-1, was carried out. Five multielement calibration solutions were prepared at different concentration levels (concentrations of 0-0.5-1-5-10 µg L -1 for Hg and concentrations of 0-5-10-50-100 µg L -1 for rest of the studied heavy metals) using Merck ® suprapur purity nitric acid (HNO3) matched to the samples matrix. The calibration curve for all the elements revealed a good linearity over the whole range of concentrations, with determination coefficients higher than 0.999. A five sample blank replicate analysis was used to calculate the limit of quantitation (LOQ = standard deviation (SD) 10) and limit of detection (LOD = standard deviation (SD) 3). The blank consisted of deionized water with 2% HNO3. The detection limits of the studied metals for Aluminum (Al), Chromium (Cr), Manganese (Mn), Nickel (Ni), Copper (Cu), Zinc (Zn), Arsenic (As), Cadmium (Cd), Mercury (Hg) and Lead (Pb) were 5.34, 0.65, 0.06, 0.02, 0.11, 0.82, 0.05, 0.003, 0.05, 0.06 respectively (µg L -1 ) ( Table 2) . 
Bioconcentration Factor
Bioconcentration of any chemical by aquatic organisms is described in terms of a biconcentration factor 20 . The biconcentration factor (BCF) was calculated using the formula below 21 .
BCF = Concentration of element in plant / Concentration of element in environment (water or sediment)
Validation of Method
The standard additional method 22 was applied to whole grass kelp samples to correct matrix effects. The instrument was calibrated with standard solutions prepared by commercial materials. Analytical blanks were run in the same way as the samples and determined using standard solutions prepared in the same acid matrix. All chemicals and standard solutions used in the study were obtained from Merck ® and were of analytical grade. Blank kelp samples were spiked with 1000 µg kg -1 mix standards (AccuTrace MES-21-1 including Al, Cr, Mn, Ni, Cu, Zn, As, Cd and Pb) and 100 µg kg -1 mercury standart (AccuTrace MES-21-HG-1). Then ten homogenized blanks and ten homogenized spiked samples were digested and analyzed using ICP-MS. The amount of spiked metal recovered after the digestion of the spiked samples was used to calculate percentage recovery. The validation results (differing between 92.50%-97.80%) allow us to deduce a good reliability of digestion process and ICP-MS analysis.
Data Analysis
Statistical data analyses were carried out using the SPSS software version 15.0. The relationship between the groups was determined using ANOVA followed by Tukey test. A level of 0.05 alpha was selected to assess the significance between groups. Then, the correlation between suspended solid matter in the water and the concentration of the heavy metals from algae samples was determined using Pearson correlation test. The significance was reported at p<0.05 and p<0.01.
RESULTS AND DISCUSSION
In this study, heavy metal concentrations in 20 microalgae samples and water samples gathered seasonally from Kadin Creek were determined. Table 3 shows the heavy metal concentrations detected in plant samples, mean heavy metal concentrations detected in water samples are presented in Table 4 and mean heavy metal concentrations detected in sediment samples are presented in Table 5 also. Physicochemical parameters (temperature, conductivity, TDS, suspended solids, saltiness, dissolved oxygen and pH) measured in the water samples are shown in Table 6 . Any significant differences among the groups were determined by ANOVA and Tukey test (p>0.05). Looking at the results of the Tukey HSD Post Hoc test, when the distribution of heavy metals in algae was analyzed seasonally, it was found that there was a statistically significant difference between summer-fall and summer-winter seasonal periods in terms of all the elements (p<0.05).There was no statistically significant difference among heavy metal concentrations in algae in the fall-winter period (p>0.05). The highest amount of heavy metal concentration in algae samples was found in summer. In terms of water According to BCF data, the uptake order of heavy metals in the algae was Al > Cu > As > Zn > Cr > Mn > Ni > Pb > Hg > Cd. The BCF values are shown in Figure 2 .
Braz. Arch. Biol. Technol. v.61: e18160777 2018 Suspended solid matter consists of various organic and inorganic matters. Most of them attach to the surfaces of particles in water. Organic matters in the water have the ability to bind to the heavy metals 24, 25 . In this study, as shown in Figure 4 , when suspended solid matter increased, the amount of total heavy metals concentration in E. intestinalis decreased (summer-autumn period); the reverse also being seen with a decrease in solid matter and an increase in heavy metal presence (winter-spring period). Considering the relationship between the concentration of each heavy metal and suspended solid matter in the water obtained from algae samples, a strong negative correlation was determined. Specifically correlation test results showed r values of -0.727, -0.477, -0.515, -0.503, -0.607, -0.727, -0.624, 0.386 * (p<0.05), 0.008, and -0.706 (p<0.01) for Al, Cr, Mn, Ni, Cu, Zn, As, Cd, Hg, and Pb respectively. The determined heavy metal concentrations in plant samples were directly proportionate to heavy metal contaminant load in the study area; they at times differ with relation to studied species and season. The mean concentrations of heavy metals are observed mostly in spring due to an increase in agricultural activities (fertilization, disinfestation), maintenance and repair of boats for summer season (painting and cleaning) and input of contaminants as a result of precipitation. The research showed that the highest rate of heavy metal concentrations in plant samples was obtained in summer. As summer is the holiday season in this region, in parallel to population growth in the region during that season, restaurants and hotels started to actively operate and recreational activities increased. Considering seasonal effects of spring activities, contaminants in water increased. Seasonal changes in heavy metal concentrations in algae are related to growth dynamics and changes in metal concentrations within the environment 26 . As the rates of photosynthesis and respiration in plants increased in summer, metal assimilation accelerated 27 . The highest rate of heavy metal concentrations in E. intestinalis samples gathered from the Black Sea coast of Bulgaria was found in spring and summer 28 . Heavy metal concentrations detected in macroalgae varied by geochemical structure within the environment and anthropogenic input status. When the results of this study are compared to recent studies on Enteromorpha intestinalis, the concentrations in this study are found higher than others in terms of copper accumulation (Table 7) . In terms of Enteromorpha spp. in uncontaminated areas, copper concentration was between 6-12 mg kg -1 dw; and in contaminated areas it was between 20-70 mg kg -1 dw 37 . The mean copper concentration obtained in this study was 15.13 mg kg -1 dw, a close value to upper limit obtained in uncontaminated areas. However, in a study done in the aquatic ecosystem near which copper mining was dense, copper concentration was found to be very high (148 mg kg -1 dw) 28 . Similarly, in a different study, the effect of copper mining was observed in the species E. compressa (310-750 mg kg -1 dw) 38 . Also, during literature review, it is observed that there are only a few studies related to arsenic and aluminium. In order to fill this gap in the literature, more bioaccumulation studies (especially on arsenic) on this aquatic plant should be done by researchers.
Braz. Arch. Biol. Technol. v.61: e18160777 2018 39 , the amount of mercury measured was higher (0.51 mg kg -1 dw). However, since the species of E. intestinalis was a heavy metal indicator, this result was expected.
CONCLUSION
As a result of the obtained findings, it was affirmed that algae was a significant indicator in freshwater in terms of heavy metal contamination. In terms of water, bioconcentration factor values (Al > Cu > As > Zn > Cr > Mn > Ni > Pb > Hg > Cd) were examined, algae accumulated aluminum the most and accumulated cadmium the least. In terms of sediment, algae accumulated mercury the most and aluminum the least according to data on bioconcentration factor (Hg > Cd > As > Zn > Pb > Mn > Ni > Cr > Cu > Al). The highest rate of heavy metal concentration in algae was observed in summer when contaminants in water and dynamics of plant development increased. The mean mercury and concentration exceeded the EC 629/2008 maximum residue limits 40 . The main sources for heavy metals within the region are tourism, boating and agricultural activities. So as to take heavy metal contamination under control, organic fertilizers should be used more than inorganic (chemical based) fertilizers and biological pest control should be preferred over chemical pest control. Hazardous wastes created by maintenance and repair activities of boats should be gathered before reaching aquatic ecosystem by the application of some special methods and should be sent to particular facilities in which they can be eliminated. Also, it may be suggested that educational activities are carried out in order to raise the awareness of local people towards environmental pollution.
